1. Introduction
===============

Patients with mechanical heart valves (MHVs) require lifelong anticoagulation to prevent valve thrombosis that could lead to deleterious complications or even death.^\[[@R1]\]^ Guidelines recommend anticoagulant treatment with warfarin, which is predominantly metabolized in liver after administration. Since liver is the major source of coagulation factors, hepatic insufficiency can affect coagulation and international normalized ratio (INR) control in general. Venous thromboembolism (VTE) is also a complication in cancer patients, with a fourfold to sevenfold greater risk when compared to patients without cancer.^\[[@R2],[@R3]\]^ At present, medical strategies of cancer-associated VTE recommended in guidelines include low-molecular-weight heparin (LMWH), vitamin K antagonists (VKAs), and nonvitamin K antagonist oral anticoagulants (NOACs).^\[[@R4]\]^ Nevertheless, in cancer patients with hepatic metastases, coexistence of a coagulopathy may be a potential barrier to use warfarin.^\[[@R4]\]^ Therefore, the choice of antithrombotic management in this fragile population should be individually tailored. Here, we report a heart valve bearer complicated with gallbladder cancer and hepatic metastases who suffered from INR fluctuation when using warfarin. Finally, LMWH was chosen as an optimal anticoagulant in consideration of available evidence and patient\'s characteristics.

2. Case report
==============

Approval for the study by the local institution review board was not required because it was a case report. Written informed consent was obtained from the patient for publication of the details of this case report. A 68-year-old woman, on 5-year oral anticoagulation with warfarin because of mechanic aortic valve replacement and mitral valve replacement, suffered from gallbladder cancer with hepatic metastases for 1 year. Outside the hospital, the patient\'s INR was maintained within the therapeutic range (2.5--3.5) at the dosage of warfarin 2.5 mg daily. After admission, her INR was detected at a high value of 7.67 but without bleeding. At this juncture, warfarin was discontinued temporarily and intravenous vitamin K 10 mg was administrated by slow infusion, resulting in a decreased INR value of 1.39 on the next day. Of note, due to hepatic metastases, the patient\'s hepatic function markedly declined accompanied with elevated alanine aminotransferase of 101 U/L (reference: 0--75 U/L), aspartate aminotransferase of 289 U/L (reference: 10--28 U/L), direct bilirubin of 223.6 μmol/L (reference: 0.1--5 μmol/L), and total bilirubin of 323.2 μmol/L (reference: 3.4--17.1 μmol/L). Thus, regarding the metabolic pathway of warfarin and hepatic insufficiency of the present patient, warfarin seemed to be not suitable for the present patient. Finally, nadroparin at the dosage of 4100 IU daily was managed via subcutaneous injection and the INR value ranged from 1.20 to 1.45 during the nadroparin treatment. On discharge, the patient continues to use nadroparin 4100 IU daily, without adverse event occurring during hospitalization and 2-week follow-up after discharge.

3. Discussion
=============

In patients with MHVs, in addition to the thrombogenicity of the intravascular prosthetic material, mechanical valves impose abnormal flow conditions, with zones of low flow within their components, as well as areas of high-shear stress.^\[[@R5]\]^ Above reasons promote platelet activation, leading to valve thrombosis and embolic events. A meta-analysis from the 1990s including studies of all valve types and locations found a 5.6 times of thromboembolic events with no therapy than VKA therapy (95% confidence interval: 4.2--7.5).^\[[@R6]\]^ For above reasons, life-long therapy with VKA is now recommended in patients with MHVs.

It is of note that effective oral antithrombotic therapy in patients with MHVs requires the management of warfarin with an appropriate INR in the target range. However, the anticoagulation effects of warfarin vary with changes in liver function, food--drug and drug--drug interaction, and intrapatient genetic variability. The liver plays an essential role within the clotting cascade via synthesis of plasma clotting factors. Therefore, liver dysfunction has been well-documented to impact this cascade, resulting in defective hemostasis with prothrombin time prolongation.^\[[@R7],[@R8]\]^ Moreover, warfarin is stereo selectively metabolized by hepatic cytochrome P-450 microsomal enzymes to inactive hydroxylated metabolites and by reductases to reduced metabolites with minimal anticoagulant activity.^\[[@R9]\]^ Thus, hepatic impairment can potentiate the response to warfarin through decreased metabolism of warfarin. Several retrospective studies revealed that patients with liver disease were significantly more likely to have a high INR when taking warfarin, and worsening liver dysfunction was found to be strongly associated with bleeding episodes.^\[[@R10]\]^ In this kind of patients, more frequent monitoring of INR and clinically related bleeding should be conducted when using warfarin. In the present patient, laboratory testing showed that her liver function deteriorated because of hepatic metastases followed with gallbladder cancer. Thus, warfarin was not appropriate for her because of the difficulty in maintaining the therapeutic levels of INR.

Other optimal antithrombotic therapy should be considered in such fragile population. According to National Comprehensive Cancer Network (NCCN) clinical practice guidelines, the LMWHs, fondaparinux, and subcutaneous unfractionated heparin (UFH) are category 1 options for the venous thromboembolism (VTE) prophylaxis in cancer inpatients.^\[[@R11]\]^ Previous studies comparing different anticoagulant regimens for the prevention of VTE in cancer patients have not clearly identified a particular regimen to have superior efficacy.^\[[@R12],[@R13]\]^ Akl et al^\[[@R14]\]^ conducted a meta-analysis to compare outcomes of perioperative VTE prophylaxis with LMWH versus UFH in cancer patients, and found no difference in rates of mortality, suspected VTE, or bleeding events. Therefore, LMWH is an optimal antithrombotic treatment in cancer patients. However, LMWH is not approved for patients with MHVs, and only temporary off-label use is considered as a treatment option in this clinical setting. Steger et al^\[[@R15]\]^ followed a cohort of 256 patients who underwent MHV implantation and were treated with a fixed dose of enoxaparin (40 mg, twice daily, subcutaneously). In this study, with a mean follow-up of 38 days, LMWHs were shown to be safe, without prosthesis thrombosis and major bleeding.^\[[@R15]\]^ A meaningful meta-analysis study also has been conducted on the focus of this issue by pooling nine studies with 1042 patients and demonstrated that the use of LMWH seem to be as effective and safe as UFH/VKA for the VTE prophylaxis in patients with MHVs.^\[[@R16]\]^ Meanwhile, unlike warfarin, LMWH (nadroparin) is not metabolized by hepatic cytochrome P-450 microsomal enzymes owing to relatively low molecular weight of 3500 to 5000 Da.^\[[@R11]\]^ Thus, the efficiency of nadroparin with normal dosage will not be affected by impaired hepatic function. Based on above-mentioned information, LMWH is likely to be an alternative with a good balance between thrombosis and bleeding in cancer patients with MHVs.

Based on the clinical setting of this case and current evidence, LMWH may represent a reasonable alternative regarding the inhibition of thrombus and bleeding in MHVs carriers with cancer and hepatic metastases. However, several limitations should be addressed in this case. Firstly, the long-term effects of thrombosis prevention are uncertain due to relatively short follow-up duration in this case. In addition, no RCTs have been conducted to evaluate the optimal drug strategy for these fragile patients with MHVs and cancer, thus further high-quality real-world studies on evaluation of this issue are necessary.
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